28337

""‘mr‘l’OFJJ

Aimed Services Technical Information ﬂgem

—




Best
Available
C opy




"NOTICE: When Government or other drawings, specifications or

other data are used for any purpose other than in connection with

a definitely reiated Government procurement operation, the .S,
Government thereby incurs no responsibility. nor any obligation
whatsoever, and the fact that the SGovernment may have formulated,
furnished, or in any way suppiied the said drawings, specifications

or other data Is not to be regarded by implication or otherwise as |
in any manner licensing the holder or any othe: person or corpora-
tion, or conveying any rights or permission to manufacture, use or

seli any patented invention that may in any way be related thereto.”




FILE COPY

= ASTI A

N WAL STaTiON



"EPORT NO, 400

COMMUNICATION BY ELECTRICAL STIMULATION
OF THE SKIN. L ABSOLUTE IDENTIFICATION
OF STIMULUS INTENSITY LEVEL»

\

by

Glenn R. Hswkes
with the technicsl s
Josl S. Warm

from

Psychology Divisisn
US ARMY MEDICAL RESEARCH LABORATORY
FORI KNOX, KENTUCKY

#*Ts sk under Paychophysiologicsl Studies, USAMRL Project No. 6-95-
FO-OOI, Tssk, Studies of Complex Behavi

oral Processes.




Report No. 400
Project No. 6-95-20-001
Tesk USAMRL T-§

MEOEA
ABSTRACT
COMMUNICATION BY ELECTRICAL STIMULATION
OF THE SKIN. 1. ABSOLUTE IDENTIFICATION
OF STIMULUS INTENSITY LEVEL
CBJIECT

ble ebsolute Identific etione of

To determine the number of
current inteneity levele in orde to eveluete the usefulness of intensity
@8 ¢ cue In en electricel cutencous communicetion eystem.

RESULTS

Intensity levels pressnted were equelly speced In terms of ep-
parent megnitude of sensetlon within the range producing vibretory
seneetions hut not psin  Subjects could ebsolutely identify two levels
without error, ‘with t of inf belng echieved
with the uee of ebout three levels. More informetion wes transmitted
when ¢.c. wee presented et 1500 cpe then et 100 cpe.

CONC LUSIONS

Two intensity levele would be useful In ¢ communi.eticn system
requiring perfect sccurecy, while three levels would maximlse trene-
miesion of informetion In « eystem which could tolerate some error.

RECOMMENOATIONS

A study ebould be mede of the effect on informetion tranemission
of extended pbysicel inteneity range end immediete knowledge of resulte.
Prior to such e study it would be necessery to determine what current
intensities cen be tolerated by tbe subjects without emotlonel resctions,
and the reliebllity of such tolerence limif
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COMMUNICATION BY ELECTRICAL STIMULATION
OF THE SKIN. 1. ABSOLUTE IDENTIFICATION
OF STIMULUS INTENSITY LEVEL

1 INTRODUCTION

The skin hes often been od a for 1
when the need erose to find e substitute for the sye or tbe eer. The
Brallls system, i 1 of arranged

touch stimull, has made a vast arrey of literaturs wailabie to the biind,
but long training ls required for its mastery and the deley involved in
encoding material Into Braille seversly restricts Informetlon trans-
mission epsed.

Meny ettempts hevs besn made to trein subjects to "hear" directiy
vie the skin, but on ths whols witbout much success {4, 8, and i4). The
basic difflculty with thess studiss has been the fallure to eppreciats the
fact that the ekin cannot make temporai discriminetinne as fine es thoss
made by our better known receptors for sound energy, the sers. Geldard
hes pointed out, "No one paused to ask the skin what language it could
compass. No one considered what. ..tbe tongus of the skin .ight be.'"
(5). One shouid not assumns that the ssnsory propsrtles of the s~ are
80 simllar to thoss of the sar that nothing more than e little tra, Al
required to enabie the immediate interpretation of spssch applic
roctiy to the ekin. Retber, the firet etep 1s to assess citaneous sensi-
tivity to the types of signeis likely to prove useful in communicarion.
Geldard and hie co-workers have done o for mschanical vibration.

A communication system using mecbanical vibretlon of the skin
wae dsecrlbed by Geldard (5). Primary cuss utilized in the esystem were
three inteneitios of stimulatlon, five loci, end thres stimuius duratlons.
Combination of the cuss afforded 45 differsnt signals; the 26 jetters of
ths alphabet wore ssslgned to @ like number of th Ignals, other cue
combinations were ussd to stand for the 10 diglts, with tbe remeining
cus combinetions avellebls for ebort words such "tbe" or "of."
Maximur, theoreticei speed of thle system wae 67 words per minute for

prose Training of eubj with the system demon-
stretsd tbat these vibretory slgnels could bs used for communication
purposes.

An eloctricei system to that
using mecbanlcal vibretlon wouid have the adventage of providing a more
eesily controliable sourcs of stimuletlon, as weii es sase of de ign of
the stimulator whicb rests on the skin. Electrodes ars more easily
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mounted on the skin's surface than are mechanical vibrators, and alscare
typically less bulky, thus affording leas interference with normal move.
ments. Further, for mechanical vibration the amount of power needed to
energlze the vibrators used w: onthe orderof 10w, ag compared to only
a tenth as much, or less, necessary for electrical stimulatlonof the skin.

in deslgning an electrical cutaneous communlcation system It re.
maing to be seen what varlety of *lgnais 1s pousible, but investigations
should bs made of those cues zlready demonstrated to be useful in the
mechanlcal vibration system, viz., intensity of stimulation, duration of
stimulatlon, and differing locus of stimulatlon. Since informatlon1s already
avnilable o.. the size of deltalfor electrical currents, and since level of
inteneity is a primary cue used in the mechanical vibratlon syster, in.
tensity wae selected as a logicai topic for the Present investigation,

Deita I/l values for electrical stimulation of the skin have been re-
ported to be 0.052 at & standard intenaity lovel of 120% of the sbsolute
threshoid current valus, and 0.035 at a standard inteneity of 200% of
the absolute thrashaid value {6). This informatior on the size of the

tansous vibration (10). In this study a number of Intenslty levels were
presented to the subjsct for identification, the numbser of such levels
belng changed untl] the 100% correct level Wwas reacbed. The stimuli

wsare squally spaced Intermsofjnd's -@., they were a constant number of
Jnd's apart along the 4 y di . The procedure of stimulus
#pacing by equai number of ind's assumes cquallty in size of the jn d's,

an assumptlon impliclt In Fechnerte formuhtiono!plycbophy-iul Te~
Luitlonebips. Investigaticne of a number of neory continua by Stevenr

{IL, 12, and 13) have demonstrated that jod's are notoecessarlly subjectlvely
equ.

Of the available techniques for attempting to evaluate directly the
of ®, the method of ‘magnitud= sstimation"

has besn the one principaliy used by Stevens to examine nsory con-

tinua in an effort to relats them meaningfully to physlcal variations such

2




as changes of y of Date on most of these continua
havs yielded functions which, plottsd in log-log coordinates, may bs
fitted by @ straight lins whoss slops is the sxponsnt of & powsr function
relating ths physical d ion to epperent of the

This is in contrast to the mors treditionsl logerithmic function postuleted
by Fachner. Ths slope of the lins which bsst fitted such date for intsnsity
of electricel stimuletion of the skin hes bsen rsported to be 3.5 by both
Hawkss (6) and Stevens (13). Hawkes' results srs reproduced in Figurel,

*x 100 C.PS.
x= 1S00C.P.S.

el L -

ATED MAGNITUDE

i i 4.

100 130 200

CURRENT IN X OF RL

Fig. 1. Effsct of currsnt intensity on estimatsd magnituds of sen-
sation for 2 frequencies ofaltsrnating current. Deta from Hewkes (6).
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In en investigation of the ability of the cbaerver to make absoiute
identif: i of current 1 ity levels the hes a cholce
of two approaches. The stimuli can be placed a constunt number of
jnd's apart along the intensity range to be studied

be an equal dis

The number of p ib beoi id. ifi i of current intensity
levels may be examlned in regard to both the percentage of correct iden.
tifications and the amount of information transmitied by the subject. In.
formation theory, considering the observer & communication channei,
predicts that an Increase in the amount of input information results in an
increase 1n information transmitted that eventuelly leveis off at some
neymptotic velue. This asymptotic value has been termed by Milier (9}
the "channel capacity" of the observer, and represents the maximum
amount of informatlon thet he can give sbout the stimulus on the basis of
an sbeoiute judgment. The channei capaclty, expressed in the number
of blts of information trensmitted, affords a measure of the optimum
number of ldentificetlons which can be made ¢long a given dimension of
& number of stimulus aiternetives; Garner and Hake (3) point out that any
increase in the number of stimull beyond this ievei resulis in inc reasing
cofusion and error.

Miller (9), In a review of reported date on Information measure-
mment, haw steted that the accuracy with which subjects can absoluteiy
identify unidimensional stimuius variables appears to be iimited. He
Proposes that the limlt for unidi absolute jud PP
to be ebout seven,

Investigations of the naumber of absolute 1dentifications when the
stimulus is mechanlcal vlbration of the skin have indicated that the
channei y for cut i mey be iess than the seven
identifications (or, in terms of bit ted es typical in
Mliler's review {9). Spsctor (io} reported that the rumber of 100%
correctly eb id i ity levels tor mechanical cutaneous
vibratlon ls only three; he alao reported that only three duretions of
stimulation could be correctly Identified by all the subjects. A study of
the channel cepecity for judgments of rates of onset or offset of mechani-
cal vibretlon was reported by Howell (7). His resuits show thet the maxi-
mum transmisslon of information wes reached with three rates of onset
or offset, although his subjects could identify 100% correctly only two
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The present study was designed to determine the number uf current
intensity levels which could be absclutely identified with 100% accuracy,
and the channel capacity for such stimuli. Knowledge of the number of
intensity levels 100% correctly ldentified would be useful in the design of
an electrical cutaneous communicatlon system requiring perfect accuracy
with minimal training, while knowledge of the number of levels which

hi i of would be useful in the
design of a system which could tolerate some arror. The intensity levels
used in this study we.e equally spaced in terms of apparent subjective

of g to the results shown in Figure 1 at the

{requencias of stimulation for which data were reported, 100 cps and
1500 cps. The possibility of increasad informatlon transmission incident
to use of subjects with a high level of psychological sophistication was
also investigated.

. EXPERIMENTAL

A, Subjects

Twenty-four subjects participated in this experiment. Eighteen
of them wera enlisted men stationed at the US Army Armor Ceater, Fort
Knox, Kentucky; these subjects had no prevlous experisnca in the re-
porting of sensations elicited by the application of alternating current
stimulation to the skin. This group was designated as "naive,” The
remaining six subjects were experimental peychologists of the US Army
Medical Research Laboratory, Fort Knox, Kantucky. All members of
this group had received a Ph. D. in Psycbology, and had participated in
many psychological experiments. This gronp was designated as "sophisti-
cated."

B. Apparatus

Ablock circuit diagram of the apparatus is shown in Figuve 2, page
6. The circuit was completed by closing the switch interposed between
the oscillator and the electronic switch. The electronic switch was de-
signed to turn tha signal on and off at rates of ons~t and offset which
avoidedthe production oftransients. The Genaral Radio Type 978- R potenti-
ometer controlled the amount of current through the subject. Current
{low was computed from the voltage, measured with a Ballantine Type
300-D vacuum tube voltmeter, across a 100-ohm resistor in serias with
tbe subject. Also in series with the subject during the experiment proper
was a 500,000-ohm resistor to reduce fluctuations in the amount of
current flow due to the changes in the skin r ance of the subject.
Stimulus wave form was monitored by a Du Mont type 304-A Cathode
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Ray oecilloscope. The wave form remained sinusoidal for the frequencles
and intensities used in ‘his experiment.

One iead to the eubje:t wae attached to a circular el- rode,
12 mm in diameter, which rested on the pad of the index finger of
the eubject, the otiier lead wae attached to a 25 mm diameter circulsr
electrode which rtlted on the pllm Both electrodee were coated with
Medcraft El d by Med Electronlc
Corp., Babylon, N. v. )

E. Block circuit diagrasn of spporsius

=4 Erhﬂu’l
Four sets of etimuli were lea:ted for lblolute idanﬂﬂ:nxon
of current int 1ty. The t ieted of z jow i

levei, just enough higher than the RLY of zh. subject to assure that it

" The abbrevirtion RL will be used to stand for the absolute threehold
throughout this study.




would always remain above the RL for a series of judgmants, and a high
intensity level which was below the pain RL for most of the subjects;

ths values selected were 114% and 197% of ths RL current value. The
three-category stimuli were 114%, 170%, and 197% of tha RL; the four-
category stimul: were 114%, 155%, 180%, and 197% of ths RL; ths five-
catsgory stimuli were 114%, 148%, 170%, 185%, and 197% of the RL
current. AlL stimuli were equally spaced in terms of squal subjective
Increments of ding to the results shown In Figure 1.

Inter-subject and inter-session differences In current (ma)
necessary to reach the absolute threshold were too great to permit use
of the same absolute ¢ alues of current throughout the experiment. Ac-
cordingly, the RL for a givan subject was measured for each sesslon,
and stimulus intensity lsvels (in ma) selected which had a given ratio
(in %} to the RL current value,

Twelve "naive' subjects w.re lhmulatcd w«‘h a.c. at a

frequency of 100 cps; §2 1 at
1500 cps. Six of the subjects In the 1500 cps group were “nalve"
and 6 were "sophi » Famillarl with electrical stimu-
lation was glven the lubjcc!l prior to the first experimental sesslon
to avoid any undue emoti tion to st by electrlcal
current.

Each subject was given four ssasions, with each different
seasion being devotsd to ldentification of a number of intenslty levels.
Six of the subjects of the 100 cps group, 3 subjecta of the "nalve" 1500
cps group, and 3 subjects of the "sophisticated' 1500 cps group, re-
ceived flve intensity levels during the first sesslon, four levels during
the second session, etc. ; the remalning twelve subjects received two
intensity levels during the first s n, three levels during the second
session, stc.

After measurement of the subject's RL for a given sesslon,
he was then presented 100 stimuli for identificatlon, tbe stimull being
in a different random order for eacb subject and each eesslon. The
instructions were: "The purpose of thls experiment ie to determine
how many levels of electrical intenslty can be identifled by buman subjects.
You are asked to idsntify two (or three, etc.) levels of intensity by re-
sponding '1' if you think it was the weak intensity lavel, or '2' if you
think it was tbe strong intensity level. Here is number 'l' {stimulation
was prasented), and here is number '2'; here is number '2' again
(stimulatlon was presented again), and here is number '1°. "
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Befors sach stimuius prasentation, the subjsct was warned by
“ready," then the stimulus was turned on by the Hunter timsr for 0.5
nasc. after which the subjsct indicated ths number which should be as-
gned to it. Stimuli were pressntsd at a rats of about ons svery 2.5
¢, with a short rest interpolated b stimalus prs §
number 50 and number 5i. Sessions tended to average 30 min in length.

1.  RESUYLTS

Maan values for thenumbs r of correct identitications for the 100 cps
groupareplotted in Figure 3. Comparisonis madbetween subjects pre-
sentedfive categories inthe first session andthose presented two catsgories

100
90
80
?
60
= 80 \‘u
]
@ 40| S
g i=——X2LEVELS IN
O 30 FIRST SESSION
» O—OY LEVELS IN
20| FIRST SESSION
10
dL 1 1 J, i
it 2 3 “ $

NUMBER OF STIMULUS INTENSITY LEVELS

Fig. 3. Mean per cent correct identificatione of currsat ‘ntensity
leveis. 100 cps.

in the first ssssjon. Per cent carrect identifications for the i500 cps
group are plottsd in Figure 4, Subject groups compared are "maive, "
"sophisticatod, " those prasentsd five catsgoriss in the firet ssssion,
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and thoss pressntsd two categoriss in ths first sion. Ths nurber of
correct identifications for individual ssssions may be found in Tablss 1
and 2.

TABLE 1

PEN CENT COMRECT 1DENTIFICATIONS OF
CURMENT INTENSITY LEVELS. 100 cpe

L. Nu .
Subject Firet 2z s
1 100 | g8 1] sz
2 100 | 54 17 s
] 100 | 63 70 1)
‘4 6 | %0 n 4
s 100 | 0 7 50
[ loo | 83 [3] (0
7 100 a5 1]
[ 100 n 3t
L] 100 0 51
10 100 72 a
1n 100 (3 [%]
12 100 1) 55
TASLE 2
PER CENT CORAECT IDENTIFICATIONS OF
CUNRENT INTENSITY LEVELS. 1500 cpe
Level Number of
Subject Firet Seselon 2 3
Sephleticated Greup
12 2 100 .
14 2 .7 s¢
is 2 100 7%
18 s 100 L1}
17 s s [
1 s 100 71
Natve Group

13 H 100 | o7 72

20 2 100 | 8¢ 79

21 H 100 | 9 a7
22 s 100 | 87 a2 74
23 s 100 f s [ 1]
24 ] 100 | 85 EL) 54




The information transmitted as a function of number of in-
tensity levels is plotted in Figure 5 for the 100 cps group, and in

2.8
L
7
g
20 g
8 /./ THEORETICAL MAXIMUM
5 X——X2 LEVELS W
: FIRST SESSION
s ©—0B LEVELS IN
% FIRST SESSION
s M
PeY
2
)
T L L 1 '
2 3 . )
NUMBER OF INTENSITY LEVELS
Fig. 5. Mean n tr a fi of numbar of

current intensity levels 100 cps.

F.gure 6, paga 12, for the 1500 cps group. Individusl subject data
are listed in Tables 3 and 4, pags 13. Analysis of information
transmitted was made according to a model described by Garner
and Haka (3). Evan thougb more stimulus Inf tion was

wlth four or fivs . . tr of fon wase only
slightly greater than was reached by the use of only thraa levels
of Intenelty.

At-test for diffarences in the "amount of informatlontransmitted by
theaverage observer” (1} indicatedthat there wae no significant difference
batwaantha 100 cps group which was presentad two Intanslty levele intha firet
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TABLE 3

BITS OF INFORMAT1ON TAANSNITTED
AS A FUNCTION OF NUNBER OF
CURRENT INTENSITY LEVELS. 100 epa

Nusber of Levela

Level
Sebject Fivat Sessie n 3 0 O Neeo
1 2 100 f1.08 f1.09]1.10] 109
2 2 1.00 | 1.0a 128|109 212
a 2 100 1.07 [1.23 | 1.20) 1.1
‘. 2 o3 fres| Lez2] 1.00
s 2 1.00 12| .ea| 1.02
[} 2 1.00f 1.9 | 1.0a) 1.ae| 1.7
7 s 1.00 1 1.9 |1.47§ 1.21] 1.27
[} s 100 L7el1.az| vl e
[ s 100150129100 119
10 s 100 1.10[1.02] L70f Lee
1 5 1.00 [ 1.00] 83| Les| .7
12 s 1.00] 1.27 {1.47 | 1.30{ 1.1
TABLE ¢
BITS OF INFONNATION TRANSNITTED
AS A FUNCT1ON OF NUNBER OF
CURRENT INTENSITY LEVELS. 1500 cpe
ol Nesber ¢f Levels
Sebjact Firat Seasien 2_13 4 B Nean
Sephinticeted Greep
13 2 100 1,33 1,04 1.29] 119
14 2 9 .eefr.as|1.07f 1.04
1s 2 100 132 (1.68) 2,59 1.3
16 s 1.00] 1,08 | 1.14f 1.07] .09
17 B 3] 140145 1.aa] 1230
1 s tool a1 fase| 1.3z 1.2s
Neiva Croep

1 2 1.00( 1.40f1.04]| 1.24] 1.20
20 2 1.oof 131 | ras| 1| 1.2
21 2 1.00) 1.4s | 150 1.5¢f 1.37
22 s 1.00f 1aafr.a0] doar] 1,33
2 s tuof 191 1.24] 1.24] 1.20
24 s 1.00] 137 101 f 1.a0) 1.2




session and those presented five levels in the first session (t = .14).
Analysis of variance was made of the differences in information trans-
mitted by the subjects of the 1500 cpa group. the results are summarized
in Table 5.
TABLE §
AKALYSIS OF VARIANCE OF WEAN AMOUNT OF
INFORMATION TRANSNITTED BY EACH SUBJECT

1500 cpe
Seurce of Voriotion at Mean Squate F
Level of Sophimtication 1 L0081 .32
A 1
Order of Presentotson 1 L0013 o8
B}
Intetoction A x 0 1 L0038 .24
Sithin Groups [ .61s0
TOTAL 1l

Table 5 indicates that there was no significant difference in "in-
formation transmitted by the average observar' due to level of soph
cation of the subjects (“sophisticatad" vs. "naive). There was no
significant difference in information transmitted between tha 1500 cps
group which was prasented two intensity levels in the first session and
those presented five intansity levals in the first session, The inter-
action of level of sophisticetion and order of presentation also was not
signaficant.

A t-test was made of tha diffarancas batween the "amount of in-
formation transmitted by the average obsarvar® for the 100 cps group
and tha group whicb received stimulation at 1500 cps. The t value of
2.99 was significant at the . 01 level of confidenca, demonstrating a
significantly greater amount of information transmitted when the stimu-
lation was prasantad at 1500 cps than when 100 cps was used.

1v, DISCUSSION

i, in a pven lituntion. 1007. correct performance is nacassary

for of the skin, then only two
levell of intanaity lhould be ulld However, as Howell {7) h uggested
with 1 vibration, it is possible to take

ldvantl'. of the fact that more information is transmittad by three
categorias than two if intenaity level is combined with other cuas to add
redundancy to a massaga. Context migbt alao help to reduce tha number
of incorract rasponsas due to occasional error if thrae intensity levels
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were used in order to achisve tr ission of i
it is aleo possible that with proper training subjects couid identify three
levels i00% correctly.

Aliuisi {i), in a review of severai studies in audition and vision,
has pointed out that immediate knowledge of results has been found to
increase the amount of information tranemitted. Knowledge of results
might imp per o1 to permit use of thres intensity
ievels without error. Alluisi also reviewed several investigations which
reported a gain in information transmitted as a resuit of extending the
physical range of stimulation. A wider spacing of the s!imuii used for
identification might permit the use of three intensity ieveis, or more,
without errors being produced thereby, as well an increase in infor-
mation tr It is d » that with greater spacing
per se the channei capacity wouid be increased very greatiy, since little
increase was found to result from similar procedures in the studies re-
viewsd by Miiler {9).

Although the number of intensity levels which could be identified
by the subjects of this expsrimsnt was coasiderably less than the seven
which might bs expected on tbe basis of Miller's review (9), the number
found here was very close to that which bas been found for 2 number of
dimensions using mecbanicai vibration of the skin, as weli as in other
modalities such ae taste (2}, The small number of inteneity leveis which
could be identifisd in this study compared to tbe number of identific ations
which can bs made of auditory loudness, for example, might be due to
some extent to the narrow range of pbysicai intensities of current which
could be used in the present ent, by tbe of
avoiding pain sensations on most of the subjects used. It has been sug-
gested (6), that the narrow range of pbysical intensities which can be
used for a.c, stimuiation of the ekin might be due to a different mode of
operation of electrical current as opposed to adequate stimuli. It was
postulated thbat electrical current operates directly on the cutaneous
nerves, as well as on cutaneous receptore.

Inteneity of stimuiation, if used as a cue in an eiectricai cutaneous
communication system, shouid be presented to subjects at a frequency of
1500 cps as npposed to 100 cps. The "naive" i500 cps group was not
different in any apparent way from tbe 100 cps group, and there was no
eignificant diﬂ-rence in the information tranemitted by the "naive" subjects
d" subjects. Therefors, significantly
greater transmission of information by the i500 cpe group must be as-
sumed to be due to the use of a stimuius frequency of 500 cpe, rather
than to diff the subj who p pated in this study,
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although some of the performance differential might be oxplsined on the
s of individual differences.

V. CONCLUSIONS

Communication by stimulation of the skin has potential usefuinsee
where the sye and sar are not available, as in cases of sensory impsir-
ment (the blind-deaf), when the receivsr 1s in a high nolss level situstion
(e.g.., nesr jet alrcraft), or where for secrecy purposes sllence must be
preserved, and in situations where a “unique' stimulation might be de-
sirable (e.g., a» a warning signal). C i by h
vibration of tha skin has been shown to be feaslble, but electricalcurrert
has some advantages as a source of stimulation. Intensityof stimulation
was one of the primary cues in the mechanical vibration system, three
such levels boing used aince it was known that subjects could absolutsly
identify this number of levels with 100% accuracy.

The results of the present study indicate that subjects can abso-
lutely identlfy two intensity levels of alactrical currant without error,
and that i of nation ie achi d with the use
of only about three levels. Degree of psychological sophisticstion made
no diffarencs in the amount of information transmitted by the subjects,
and no differenca was found dependant on the number of intsnsity levels
presented for 1dantification in the first sassion.

Tha use of intenslty levsl as a cue in an electrical cutaneous com-
munication system rsquiring perfect accuracy should be rastricted to
two levels, but maximum transmlsslon of information could be achieved
by the use of three levals in & systam which could tolerate some error.
Stimulation should be presented at a frequency of 1500 cps, rather than
100 cps, sinca subjects in this experiment transmitted more information
when this {1 equency wae used.

VL RECOMMENDATIONS

Additlonal studles should be made of the ablllty to make absolute
identifications of current intensity levels using an extanded physical in-
tensity range and with immadiate knowlsdge of results, thase procadurss
baving been reported to result in increased transmission of information
in other sxpariments. Befora a study can be made of the influence of
extendad pbysical range on the amount of informatlon transmittad, an
invastigation should ba made of the tolerance limlt of subjacts for a.c.
stimulation of the skin, the ralative reliability of this tbreshold, and of
the possibility of using pain producing stimuli witbout causing undue
emotional reaction on the part of the subjects.
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